INTRODUCTION {#sec1-1}
============

Xixin, *Asarum heterotropoides* Fr. Schmidt var. *mandshuricum* (Maxim.) Kitag, a herb belonging to the family Aristolochiaceae, has been widely used as a traditional Chinese medicine for headache, toothache and inflammatory diseases (rheumatic arthritis, gingivitis). Volatile oils, the main active components in xixin, have been reported to have functions of analgesia and immunosuppression and to act as anti-inflammatory, anti-myocardial ischemia and rising blood.\[[@ref1]\] Alkaloids, fatty acids and lignans were also isolated in previous research.\[[@ref2]\] According to the Chinese pharmacopoeia (2010 edition), the maximum dose of xixin is 3 g/d. Clinical investigation indicated that adverse drug reactions, such as arrhythmias and respiratory paralysis, could occur when an overdose of xixin was taken.\[[@ref3]\]

Trace elements play an important role in metabolism in the body. Too much or too less of essential trace elements in the body could induce metabolic disorder, and toxic elements could also cause the damage of tissues and organs. Excess copper (Cu) *in vivo* could induce Wilson disease (hepatolenticular degeneration)\[[@ref4][@ref5]\] and renal injury could also occur due to the association of nickel (Ni), chrome (Cr) and cobalt (Co).\[[@ref6]\]

In this study, the contents of trace elements in the serum and liver of mice were assayed by inductively coupled plasma-mass spectrometry (ICP-MS) for the first time after obtaining xixin extracts. Principal component analysis and cluster analysis between dosage and content of trace elements were achieved to explain the toxic mechanism of metabolism of microelements *in vivo*.

MATERIALS AND METHODS {#sec1-2}
=====================

General {#sec2-1}
-------

An Agilent 7500a ICP-MS (Agilent Technologies Co. Ltd. Santa Clara, State of California, CA, USA) was used for the determination of microelement with a quantitative analysis. The Agilent 7500 ICP-MS Chem Station software was used for data acquisition. A MDS-6 digester/extractor, including a microwaver and PTFE vessels, was from Shanghai Xinyi Microwave Chemical Scientific and Technology Co. Ltd. (Shanghai, China).

The instrument was optimized daily in terms of sensitivity (Li, Y and Tl), level of oxide (CeO/Ce) and doubly charged ion (Ce^+2^/Ce) using a tuning solution containing 10^-9^ g/ml of Li, Y, Tl, Ce and Co in 2% HNO~3~ to meet the demands of the trace element determination. The operating conditions of the ICP-MS instrument are summarized in [Table 1](#T1){ref-type="table"}.

###### 

Instrumental operating conditions for ICP-MS
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Chemicals {#sec2-2}
---------

Ultrapure water was prepared with a Milli-Q deionization unit (Millipore, Bedford, MA, USA). Nitric acid used for sample digestion was of high-purity grade and purchased from Kermel Chemical Reagent Co. Ltd. (Tianjin, China). Wash-Nitric Acid Blank: Part\# G1820-60258 (5% HNO~3~), Wash-water blank: Part\# G1820-60259, tuning solution of MS optimization: 10^-8^ g/ml of Li, Y, Ce, Tl and Co (2% HNO~3~) (Part\# G5184-3566) was used to perform external calibration, mixed standard solution including 10^-3^ g/ml of Fe, K, Ca, Na, Mg and 10^-5^ g/ml of Ag, Al, As, Ba, Be, Cd, Co, Cr, Cu, Mn, Mo, Ni, Pb, Sb, Se, Tl, V, Zn, Th, U, (Part \# G5183-4688) and the internal standard solutions including six elements of 10^-5^ g/ml of Li, Sc, Ge, Y, In and Bi (5% HNO~3~) (Part\# G5183-4680) used to reduce matrix effect and compensate for instrument drift during the analysis were purchased from Agilent (NJ, USA) and diluted to approximately 8 ng/g by 5% HNO~3~ before the experiment.

Animals {#sec2-3}
-------

Adult female Kunming mice weighing 18-22 g were purchased from Dalian Medical University (Grade II). The animals were housed in an air conditioned room (temperature, 25°C; relative humidity, 55%) and fed *ad libitum* with standard feed and water in the course of the study. At the end of the experiment, pentobarbital sodium was used for euthanasia of the animals. The investigation conforms to the Guide for the Care and Use of Laboratory Animals published by the US National Institutes of Health (NIH Publication No. 85-23, revised 1996). The study protocol was approved by the ethics regulations of Liaoning University of Traditional Chinese Medicine (131/2010).

Extraction {#sec2-4}
----------

The leaves of xixin were extracted as per the water decoction technology,\[[@ref7]\] which is as follows: Adding 10 times quantity of water, decocting twice (90 min for each time). Evaporation of the water under reduced pressure gave a condensed aqueous extract of different concentrations (150 mg/mL, 50 mg/mL and 16.7 mg/mL).

Sample collection {#sec2-5}
-----------------

Take 48 healthy female Kunming mice, weighing 18-22 g, divided into four groups randomly (*n* = 12). Xixin extracts of 0.3 ml with the dosage of 150 mg/ml (H), 50 mg/ml (M) and 16.7 mg/ml (L) were taken orally for up to 7 days, while water solution of 0.3 ml was taken as the negative control group. The blood samples were obtained via orbital vein on the 7^th^ day after administration and serum was collected when the blood samples were centrifuged at 3500 rmp for 10 min at room temperature after standing for 1 h. Liver of mice were also collected and stored at -20°C before use.

Digestion of samples {#sec2-6}
--------------------

To the 50 ml closed polytetrafluoroethylene (PTFE) vessel, 200 μL of serum or 0.2 g liver, together with 3 mL of conc. HNO~3~, was added and then digested using the MDS-6 microwave digestion system. The optimized digestion conditions were a four-step procedure for 6 vessels including steps 1-3 (pressures were 0.3, 0.6 and 1.0 MPa for 4 min, respectively) and step 4 (pressure was set at a maximum pressure of 1.5 MPa for 10 min); the microwave power was 600 W for every step. After cooling, the decomposed sample solutions were heated almost to dryness to remove any excess HNO~3~. Finally, the residue was dissolved in deionized water and made up to 10 ml in a volumetric flask with deionized water; the solution was then stored at 4°C and subjected to analysis within 48 h.

RESULTS AND DISCUSSION {#sec1-3}
======================

*In vivo* analysis of trace elements by ICP-MS {#sec2-7}
----------------------------------------------

Before the analysis, wash-nitric acid blank and wash-water blank were used to rinse the system and flow path, respectively. Then, tuning solution including10^-8^ g/ml of Li, Y, Ce, Tl and Co was utilized to modulate the conditions of the system. Samples were directly introduced by a peristaltic pump at the flow rate of 0.3 ml/min following the sample diluted with 5% HNO~3~. The internal standard of Li, Sc, Ge, Y, In and Bi (approximately 8 ng/g) was added on-line as the reference solution to alleviate matrix effect and compensate for signal drift in each individual run on the ICP-MS.

The ICP-MS method was validated as follows. The calibration curves (correlation coefficient) and limits of detection (LOD) for 17 elements are shown in [Table 2](#T2){ref-type="table"}. The variation coefficients of elements were less than 10%, which showed good precision, and the accuracy of the method was examined by performing recovery experiments. The recoveries of trace elements were in the range of 92.76-111.98%, which presented good accuracy for the analysis.

###### 

Regression equations and LOD of determined elements
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Quantitative determination of trace elements in sample solutions of serum and liver were measured by the ICP-MS as mentioned above. The semiquantitative method enables us to automatically determine the concentrations of up to 71 elements in sample solutions of serum and liver after obtaining the xixin extracts. This method affords an approach to characterize sample solutions. Trace elements' contents in sample solutions were quantified by the semiquantitative method before the quantitative analysis. Trace elements, whose content of administration groups showed significant difference with that of blank group in the semiquantitative analysis, was picked for quantitation *in vivo*. The contents of trace elements (Be, Na, Mg, K, Ca, V, Cu, As, Se, Ag and Cd in serum and Na, Mg, Al, K, Ca, V, Cr, Mn, Fe, Co, Zn, Cu, As and Se in liver) were quantitated subsequently and the results are shown in Tables [3](#T3){ref-type="table"} and [4](#T4){ref-type="table"}.

###### 

Content of 10 elements in serum (average±SD, *n*=6, ng/ml)

![](PM-10-141-g003)

###### 

Content of 16 elements in liver (average±SD, *n*=6, ng/g)
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Statistical analysis {#sec2-8}
--------------------

Quantitative analysis of trace elements in sample solutions of serum and liver were accomplished by ICP-MS after oral administration of xixin extracts. Clustering analysis (CA) and principal component analysis (PCA) between dosage and trace elements content were confirmed using the GeneSpring 12.1 software \[Figures [1](#F1){ref-type="fig"}--[4](#F4){ref-type="fig"}\].
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The result showed that trace elements *in vivo* could be obviously raised after xixin extracts were taken as the dosage of H and M group above. And, xixin could possess the potential function of upregulating trace elements *in vivo* indirectly. Therefore, the adverse reactions caused by xixin were probably related to the high concentration of trace elements *in vivo*.

Statistical analysis (one-way ANOVA) was also completed and the result indicated that Na, Ca, Cu and Cd in serum and Ca and Zn in liver were the main elements affected by xixin extracts *in vivo*. The variation of elements' content in serum and liver are shown in Figures [5](#F5){ref-type="fig"} and [6](#F6){ref-type="fig"}.

![Content of Cd, Na, Ca and Cu in serum](PM-10-141-g009){#F5}
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CA and PCA between dosage and trace elements' content were also confirmed using the Gene Spring 12.1 software \[Figures [7](#F7){ref-type="fig"}--[10](#F10){ref-type="fig"}\]. The results of ANOVA were in accordance with that of CA and PCA. The result also indicated that the variation of elements' content (Na, Ca, Cu and Cd in serum and Ca and Zn in liver) could be reflected by the dosage of xixin indirectly.
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![Cluster analysis of Ca and Zn in liver (distance Meric: Manhattan)](PM-10-141-g012){#F8}

![Principal component analysis of Cd, Na, Ca and Cu in serum](PM-10-141-g013){#F9}

![Principal component analysis of Ca and Zn in liver](PM-10-141-g014){#F10}

CONCLUSION {#sec1-4}
==========

This study is the first to elucidate the *in vivo* toxic mechanism of xixin based on trace elements. The main trace elements in serum and liver, which could reflect the toxicity of xixin, were also identified in this study. The adverse reactions of these elements were almost the same as that of xixin, and the tendency of elements contents in serum and liver were in accordance with the toxic symptoms when xixin was taken.\[[@ref8]\] Thus, this method could also be utilized in the research of the corresponding aspects, and the relation between trace element content and dosage of xixin should be investigated further.
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